)]

Check for
updates

Applications of Plant-Based Natural
Products to Synthesize Nanomaterial

Muhammad Irfan, Mamoona Saeed, Bushra Igbal,
and Misbah Ghazanfar

Abstract

Plants are the important means of various kinds of phytochemicals with several
applications in nanotechnology. Nanotechnology refers to the building and use
of materials whose components exist at the nanoscale up to 100 nm in size. These
biotechnological tools have been synthesized by the use of different kinds of
plants. Plants have numerous natural products like tannins, saponins, flavonoids,
steroids, alkaloids, and other nutritional products that can be obtained from sev-
eral plant parts like seed, barks, leaves, roots, shoots, flowers, and stems. It has
been reported that the extracts from plants act as a powerful pioneer for a nano-
material production in safe procedures. As the plant extracts have numerous sec-
ondary metabolites, it plays part as stabilizing and reducing factors for the
bioreduction reaction to form new metallic nanoparticles. These plant-based
nanoparticles have various applications in different fields especially in biofuel
production.
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2.1 Introduction

In the present days, nanoparticles and its various items have become principal com-
ponents of our items in routine, so metallic nanoparticles like silver in antiperspi-
rants and particles with improved discharge properties into meds are known as
nanoparticles and the whole distance to “nano impregnations” of spray lodges,
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baths, and cleaning bowls (Moss and Siccardi 2014; Vincent and Loeve 2014;
Kettler et al. 2016). As these nanomaterials, which include particles having diame-
ters in the range of hundred nanometers, have now significant role in our routine
life, there are also concerns about a possible toxic effect of these nanomaterials on
humans and environment as well (Roy et al. 2017). However, such evaluations usu-
ally disregard the truth that nature is a proficient nanotechnologist itself, with vari-
ous precedents of general nanomaterials emerging from sources that are natural,
like mineral springs, volcanoes but specifically from living beings also. Actually,
life rotates around the cell which itself is microscopic in size and metabolize mol-
ecules which are picoscopic (Kajander et al. 2001; Ciftcioglu et al. 2006; Urbano
and Urbano 2007).

Presently, we sometimes fortuitously judge the emerging field of nanomaterials.
Here, we will shortly discuss the rising area of natural nanoparticles. Actually, there
is a demand for a difference among natural nanomaterials, such as already found or
synthesized in the environment without man involvement, and substances which are
“bio” and “nano” as well. In another case, the predicate “natural” corresponds to
“biological,” as in “natural products,” which mentions mainly biological substances
(Mukherjee et al. 2001; Patel et al. 2015a, b; Pasula and Lim 2017). Through the
earliest starting point, all of us ought to complement to grounds of nanoparticles
(NPs) as is broad and incidental. Figure 2.1 illustrates the synthesis of nanomateri-
als from plants and their applications in various fields.
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Fig. 2.1 Biological synthesis and applications of metallic nanoparticles in environmental and
biomedical areas. (Modified from Singh et al. 2016a, b)
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2.2  Inorganic Nanoparticles Derived from Natural Sources

In the earth, so many inorganic nanoparticles are present which are derived from
natural sources. So such particles are common, so far more often than nonnatural.
Volcanic powder mists contain a comprehensive assorted diversity in polydispersity
miniaturized scale plus nanomaterials. Such particles extend in size somehow from
100 to 200 nm and are synthetically basically made out of composites of iron and
silicates. These particles are deliberately floating in air and if only once heaved can
prompt attentive pulmonary disorders. “Carbon nanotube” sediment gathered from
the cremation of Texas pine, for example, in point, involves many layers (15-70
nanometers of size) of carbon nanotubes. Such carbon-based particles deliberately
turned out to be airborne and present serious well-being perils to creatures and the
human populace (Murrand Guerrero 2006).

Miraculously, drinking water, when seen under microscope, which could be
loaded with variously sized nanoparticles just like minute strong materials of
every shape. Generally, these particles are not of good quality and cannot easily be
molded and are very much characterized. There are inexhaustible instances of char-
acteristic nanomaterials structured thusly, for example, the CaSO, and silicate par-
ticles in spring water (Wu et al. 2016). In reality, these inorganic substances
meanwhile urged counterparts to produce a scope of similar particles dependent on
normally happening particles, for example, refined nanoparticles of Fe;O, and
MnO, (Song et al. 2010; Cho et al. 2017).

Likewise, in such “straightforward” physical occasions, there are comparable
however progressively controlled molecule-inducing forms, frequently made on
regular oxidation. One constantly noticed precedent of hydrogen sulfide gas oxida-
tion (HS) condensed in volcanic eruptions or/and in wells which are common in
numerous locality of our planet (Ezoe et al. 2002; Berlo et al. 2014). All things
considered must be well characterized—at any rate with respect to synthetic course
of action—and could get significant consideration.

2.3  Biological Synthesis of Nanomaterials

To be sure, the living cell is habitually managing “nanotechnology,” in other words
with objects of a nanoscopic rate. Just to wind up an inclination for sizes, basic
strand of DNA in width is almost equal to 2.5 nm (Shors 2011). Henceforth some
cells that lie in microbes are specific and are included in the field of nanotechnology.
Some procedures are somewhat very much perceived and contemplated with
respect to some metals like selenium and sulfur just as metallic NPs (Kuppusamy
etal. 2016). The particles created by such biogenic production lines are generally of
decent quality, for example, little circular states of a practically uniform size. Not
astoundingly, such natural procedures might be inappropriate ultimately to create
materials of good quality and then to deliver.

To be sure, the subtraction of ecological contaminants (e.g., overwhelming met-
als, natural and inorganic toxins), from defiled destinations utilizing nanomaterials
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or nanoparticles shaped in or by plants, parasites, and microbes with the aid of
nanotechnology, frequently referenced to as nanobioremediation (NBR), is a grow-
ing, earth-responsive, and practical substitute to customary compound strategies
(Singh and Walker 2006; Yadav et al. 2017). At this point, the three fundamental
methodologies of present-day bioremediation grasp the utilization of organisms,
plants, and sequestered chemicals, for event, nitrate reductase, or laccase (Sanghi
etal. 2011). All things being equal, there is likewise an extra plus point of that strat-
egy. Presently, the nanoparticles made by those life forms are not all encompassing
spotted as contaminants however basically as esteemed nanoparticles of a pretty
much common birthplace. Inside this specific situation, a portion of these bioreduc-
tively framed “normal” nanomaterials have been found currently with focus on
likely restorative and horticultural entries (Salata 2004; Li et al. 2011; Duhan et al.
2017; Iavicoli et al. 2017). It is conceivable, for example, to tenderfoot innocuous
microorganisms, for example, Staphylococcus carnosus and Saccharomyces cerevi-
siae, to create genuinely homogeneous selenium nanoparticles from selenite, an ion
with normal measurements of 60 and 80 nanometers, correspondingly (Zhang et al.
2012; Estevam et al. 2017). Such particles are assembled from the microbes and
yeasts after rupture of the cell. The investigators have wandered about conceivable
implementations as nourishment increments and most likely as antimicrobial opera-
tors as a portion of such particles uncover an unambiguous antimicrobial movement
(Zhang et al. 2012; Estevam et al. 2017; Skalickova et al. 2017).

In the area of farming, likely implementations have considerably much surfaces
and a conceivable “cap trap” of immediately enhancing dirt with selenium for
braced sustenance items, of giving plants components for their characteristic
obstruction frameworks, and of dispensing with plant pathogens appears to be
doable (Estevam et al. 2017). Inside this unique situation, one needs to push such
normally delivered particles are not proportionate to modernly created materials.
They are not “artificially unadulterated” and every now and again likewise contain
a “characteristic” covering of proteins whose design is an impression of the yeasts
or microscopic organisms they have been made in. Later the organic action of such
characteristic particles may come from the mass material of the molecule itself, for
example, selenium, from different mixes kept or restricted to the molecule and fur-
thermore from the covering, which is as often as possible wealthy in proteins
(Prakash et al. 2009; Wang et al. 2010; Yazdi et al. 2012; Estevam et al. 2017). In
cases like these, a broad “intracellular diagnostics” is needed to explain the correct
target(s) and point-by-point method(s) of activity (Mdnikova et al. 2014). Eventually,
one may foresee a complex procedure by which microorganisms are created or
tainted and by remediating that dirt delivers unmistakable nanoparticles which
might be reaped and push off in prescription, horticulture, or several more appropri-
ate applications. The significant merits of these techniques might be impressive and
are not unrealistic additionally, as germane contaminants, for example, extensive
metals, regularly likewise describe the establishment of mostly intriguing particles.
In any case, there might be some further advantages, particularly with regard to
pathogenic organisms and microorganisms. Various examinations have built up that
the arrangement of nanomaterials by or inside pathogenic microscopic organisms is
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a compelling instrument to cancel those living beings. It has been seen, for example,
that pathogenic strains of Staphylococcus aureus, for example, HEMSA and
HEMSA 5 M, reduce SeOs~ to basic selenium when tested with incredibly extraor-
dinary convergences of this anion (around 2 mM) in a shallow endeavor to manage
this experience (Estevam et al. 2015). At last, this defensive plan comes up short,
and the stores of selenium framed inside the microscopic organisms kill these cells.
This sort of “self-destructive normal nanotechnology” is found between numerous
microorganisms and organisms, just as pathogenic ones. It somewhat clarifies to
some degree the antimicrobial activity frequently related with reactive selenium
species (RSeS), such as SeO;*~, Se0,*~, TeO;>~, and TeO,>~. These activities might
be explicit for specific life forms, giving these operators and chaperon forms with
specific “sensor/effector” properties. Later on, this sort of common nanotechnology
thusly can give an intriguing chance to trade off, debilitate, harm, or potentially
even execute such pathogenic living beings (Estevam et al. 2017).

2.4  Processing Natural Materials

Various methodologies had great impact on processing of natural materials. The sub-
sequent particles of such regular items are of an elite nature, as they are common
items, yet being twisted to an uncommon, unnatural shape and size. It is along these
lines barely amazing that numerous normal items have been nanosized in the most
recent few years. Cancer prevention agents, for example, rutin, have been transformed
into alleged “nanocrystals” utilizing an expressive procedure which incorporates wet
globule processing (WBM) and high-weight homogenization (HPH) (Miiller and
Keck 2008; Mauludin et al. 2009). Here, nanotechnology can be utilized to create
nanoparticles with a drastically enhanced solvency, phenomenal discharge energy,
and later a decent bioavailability and organic action. This technique is especially allur-
ing in the area of—frequently sparingly dissolvable—cell reinforcements and plant
items wealthy in such cancer prevention agents, i.e., materials which initially have
deficient discharge energy on the lipid/fluid skin surface; however on account of the
new innovation, it can nowadays be utilized effectively, for example, in beauty care
products. To be sure, the guideline of nanosizing coarse materials to advance their
organic movement is extremely straightforward and is for the most part dependent on
the Noyes-Whitney condition, one of the real conditions in biopharmacy.

For this situation, the immersion dissolvability increments because of a higher
disintegration weight, which is elucidated by a greater shape of the particles (Kelvin
condition) and the diffusional separate likewise diminished (Prantl condition).
Nanosizing prompts an imperative increment in the general speed of disintegration,
which is particularly intriguing if dynamic constituents break up gradually or not
properly soluble in water. Besides, nanosizing enhances the bioactivity of inade-
quately solvent dynamic fixings. Because of the expansion in dissolvability, the
fixation slope, when contrasted with bigger estimated materials, is expanded (Keck
and Miiller 2006). Because of these more prominent structures and the simplicity of
generation, nanosizing, i.e., the creation of nanocrystals, has turned into a
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noteworthy readiness guideline in pharmaceutics to propel the bioactivity of
dynamic fixings (Miiller and Keck 2012; Scholz and Keck 2015). A portion of these
processed plant materials have been assessed as likely nourishment supplementa-
tion and even as characteristic medications and antimicrobial specialists (Griffin
et al. 2016). NPs of normal items must be utilized in the grounds of sustenance,
medication, and beautifying agents or on account of substantial scale getting
together, in “green” horticulture. The exercises trial for those nanosized materials
are regularly encouraging, yet there is a well parity of contentions which should be
estimated. Therapeutic plant is equivalently clear and altogether simpler than with-
drawal, refinement, and detailing of the dynamic component(s) kept in that. It addi-
tionally delivers no or minimal waste. Also, NPs that are basically “normal,” in any
event to the extent their concoction organization is unstable, that contain every one
of the elements in plant will not face any broad alterations and would not be treated
with natural solvents. In a perfect world, they even portray a characteristic moderate
discharge assembly of biologically available and naturally dynamic fixings. On
account of high-pressure homogenization (HPH), such materials are additionally
sanitized as progressively current investments.

2.5 Plant-Based Synthesis of Metallic NPs and Their
Applications

NPs have exceptionally fascinating applications covering many areas (Chandran
et al. 2006). Biological ways of making natural elements capable of reusing are
shown in Fig. 2.2.

2.,5.1 Traditional Strategies of Metals

Anciently metals were considered symbol of strength, and even nowadays some
metals are considered as influential like gold and silver. In the eighteenth era,
gold was used for mental and spiritual purification. Egyptians utilize gold

Strategies for
biological synthesis

Traditional Distinctive strategies Bio based
. for metallic reduction
strategies nanoparticle union strategies

Fig. 2.2 Biological ways for synthesis of metallic nanoparticles
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metal-solubilized water. The significance of gold is as yet respected in country-
side areas, as the employees there prepare their rice dishes with a gold pellet to
supersede the mineral lack in the body by nourishment admission. Silver is used
for the healing of wounds and ulcer removal (Singh et al. 2013). Truth be told,
the silver nanoparticles (AgNPs) which are colloidal in nature were utilized
against antimicrobes, as wound dressing material, as tooth bond, and as a water
purifier (Narayanan and Sakthivel 2011).

2.5.2 Distinctive Strategies for Union Metallic Nanoparticle

Some techniques are employed for the union of nanoparticles (nanoparticles, such as
natural, compound, enzymatic, and physical). Physical strategies include ball process-
ing, warm dissipate, beat laser desorption, atomic shaft, and flame amalgamation dis-
persion of NPs (Joerger et al. 2000). Synthetic techniques are utilizing radiation of
high frequency and settling operators which are hurtful to human well-being.
Figure 2.3 exhibits various kinds of metallic nanoparticles formed from plant means.

2.5.3 Bio-based Reduction Strategies

Silver is the biochemical feedback of silver nitrate that basically prompts the
arrangement of AgNPs with the help of plant stock (Tripathy et al. 2010). The plants
possess many vital biomolecules, like proteins, amino acids, and chemicals; more-
over, they have some metals too. Then all these biomolecules must engage with
bioreduction mechanism. So the conclusion in this metal like gold was the conver-
sion and reduction of Au* into metallic Au, nanoparticles in the redox catalysts
(Thakkar et al. 2010).



36 M. Irfan et al.

2.6 Parts of Plants Used to Synthesize Nanomaterials

Different parts of plants are being employed in the formation of eco-friendly
nanoparticles.

2.6.1 Flowers

Noruzi et al. (2011) considered an environment-friendly disposed strategy amalga-
mation of gold nanoparticles (GNPs) by utilizing flower petals. The concentrated
media contains sufficient proteins and sugars. A portion of these utilitarian mixes
are the critical wellsprings of tetrachloroaurate salt, which declines into the main
part of GNPs. Additionally, flowers of Clitoria ternatea and Catharanthus roseus
are utilized for the metal nanoparticle combination with required shape and sizes.
The plant material-incorporated nanoparticles are viably handling disease-causing
microbes, and correspondingly the therapeutic utilizable Nyctanthes arbor-tristis
flowers for GNPs extracts are obtained through green science technique (Das et al.
2011). Fluid concentrate of flowers of Mirabilis jalapa goes about as a reducing
agent and delivered GNPs with eco-friendly technique (Vankar and Bajpai 2010).
Table 2.1 delineates the plant metabolites which speak to in the bioreduction
response to union of metal NPs and their applications in pharmacology.

Table 2.1 Different types of plant-based metallic nanoparticles (Kuppusamy et al. 2016)

Part of Size Plants involved in

Plant used plants Nanoparticles | Shape (nm) bioremediations

Acalypha indica | Leaf Ag, Au Spherical 20-30 | Quercetin, plant
pigment

Alternanthera Whole |Ag Spherical 40 Amine, carboxyl group

sessilis

Aloe vera Leaf In, 04 Spherical 50 Biomolecules

A. paniculata Leaves | Ag Spherical 67-88 | Alkaloid, flavonoids

A. mexicana Leaves |Ag Spherical 20-50 | Proteins

Boswellia serrata | Gum Ag Spherical 70-90 | Secondary metabolites

Caria papaya Fruit Ag Spherical 15 Catechins

Cassia fistula Stem Au Spherical 55-98 | Hydroxyl group

Cinnamon Leaves |Ag Spherical 45 Water-soluble organics

zeylanicum

Citrullus Calli Ag Triangle 5-70 Polyphenols

colocynthis

Citrus sinensis Peel Ag Spherical 35 Water-soluble
compound

Dillenia indica Fruit Ag Spherical 11-24 | Biomolecules

Dioscorea Tuber Ag Rod- 8-24 Ascorbic acid

bulbifera triangular

Euphorbia Leaves |Ag Rod, 52 Proteins, phenols

prostrata spherical

Mirabilis jalapa | Leaves | Au Spherical 90-150 | Polysaccharides
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2.6.2 Stem

Shameli et al. in 2012 investigated the stem of Callicarpa maingayi with removed
methanolic group utilized for amalgamation of AgNPs and shaped [Ag
(Callicarpamaingayi)] + complex. The plant extracts have aldehyde collections, and
it’s for the most part associated with the decrease of silver particles into metallic Ag
nanoparticles. The distinctive useful gathering demonstrates amide and polypep-
tides that are dependable mixes with topping of ionic substances into metal NPs.
The atomic examinations on biosynthesis of silver precious stones are intricate and
not yet completely comprehended. Be that as it may, some past investigations are
proposed demonstrating components of nanoparticle cooperation with pathogenic
living beings. The biologically produced silver nanoparticles have protein external
cell mass of microscopic organisms, growths, or entities of viruses that degrade the
lipoproteins of microbe cell divider. At last the division of cell was ceased and cell
prompts passing. At room temperature silver nanoparticle photosynthesis utilized
extracts of Cissus quadrangularis (Vanaja et al. 2013). The removed stem of some
portion of plants demonstrates the distinctive utilitarian gatherings, especially the
amine, phenolic, carboxyl, and aggravates that are associated with the decrease of
silver particles. Thus, incorporated silver nanoparticles indicate greater action
against Bacillus subtilis and Klebsiella planticola pathogenic microscopic organ-
isms. Along these lines, the biosynthesized metal nanoparticles went about as great
antibacterial specialists. Various plant parts involved in formation of nanoparticles
are shown in Fig. 2.4.

Fig. 2.4 Different types of
parts of plants involved in
synthesis of nanomaterials

77N

Plant parts
used for
synthesis of
NPs
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2.6.3 Seeds

A few seeds that extricate like that of fenugreek contain high substance of second-
ary metabolites like flavonoids and other bioactive items, for example, lignin and
nutrients. Chloroauric corrosive could be utilized for breakdown of solid parts of
the fenugreek seeds. The COO gathering (carboxylic) and C=N and C=C useful
gatherings are separately lying in the seed. The useful gathering of metabolites goes
about as a surfactant of GNPs, and the flavonoids can settle the electrostatic adjust-
ment of GNPs (Mittal et al. 2013). The fluid drawouts of Macrotyloma uniflorum
impact the decrease of silver particles. Caffeic corrosive might be expected in the
concentrate. Subsequently, decreased caffeic corrosive response could happen in
one moment.

2.6.4 Fruits

Gopinath et al. (2012) utilized plant organic product of Tribulus terrestris extricate
with expansion of various molar convergences of silver nitrate arrangement so as to
incorporate eco-accommodating silver NPs with certain morphological highlights.
The concentrate contains dynamic phytochemical that are subject for the single step
decrease response. The round states of AgNPs were delivered by the T ferrestris
extricates and proved commendable antimicrobial action against multidrug safe
human pathogens. There is comparable cover utilizing polyphenol from grapes to
combine palladium NPs and act viably against bacterial maladies (Amarnath et al.
2012). Not withstanding this, Rumex hymenosepalus serves as a balancing out oper-
ator for AgNPs. The utilization of ideal physic-concoction strategies to create nano-
materials is exceptionally valuable in pharmacological proposition to treat numerous
endemic illnesses.

2.6.5 Leaves

Leaves that extricate are utilized as mediators to shape nanoparticles. Leaves of
Murraya koenigii, Centella asiatica, and Alternanthera sessilis, including various
leaves separate, are studied. Most recently leaves of Piper nigrum contained a criti-
cal bioactive material which is taking an interest in the nanoparticle arrangement by
eco-philic strategy. The naturally orchestrated silver nanoparticles of 100 lg/ml con-
centration were dynamic medication, which focus on HEp-2 and HeLa cell line to
control the ordinary biological work in disease cells. The AgNPs are powerful medi-
cation in malignant growth treatment to fix oncology in addition to terrifying disor-
ders. P. nigrum removes longumine, it goes about as a topping operator for the
arrangement of AgNPs and may upgrade the cytotoxic impacts of the tumor cells
(Jacob et al. 2012). A green blend of AgNPs utilizing plant Artemisia nilagirica
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leave extracts has been depicted by Vijayakumar et al. (2013). It is by all accounts a
crucial device for antimicrobial operators for now and close fates like that of silver
nanoparticle amalgamation from the plants that control diverse pathogens in human.

2.7 Plant-Derived Formation of Silver Nanoparticles

Both physical and chemical methods had been used for the synthesis of silver
nanoparticles for an extended period, but now for this purpose, developments have
found the principal role of biological systems (Fig. 2.5).

Chemical and physical procedures are energy-exhaustive operations which indi-
cate high production cost. Synthesis of AgNPs by chemical methods such as ethyl-
ene glycol, hydrazine hydrate, sodium borohydride, and dimethyleformamide can
cause absorption of dangerous chemicals on the nanoparticle surfaces leading to
toxicity problems (Iravani 2011). Furthermore, aqua chemical paths form nanocrys-
talline silver colloids which show accumulation with time, which means accommo-
dation with the size factor upon storage. Plant derivatives have been explored as
much better nominees over other biological systems, e.g., fungi and microorgan-
isms, among the bio-based formation of silver nanoparticles, as they do not demand

Thermal decomposition of =T Evaporation-condensation
silver oxalate in water/ {ceramic heater, tube fumace)
i .. Microwave processing UV-Vis spectroscopy
Electrochemical Iaad'mtqus—_ "
Photochemical reduction « 5
clhu“h! r::i:lctlm z_'—ﬁa.mlm mmﬁm FTIR-Spectroscopy
NOMGANiC and OBANK:  famfiicro s X-Ray Diffraction
reducing agent
== Laser ablation
Scanning Electron
Microscopy
Physical and
Chemical Methods b
EDAX
DLS
Biological Methods Atomic Force
Microscopy
SAED
XPS
ICP-MS

Fig. 2.5 Chemical, physical, and biological methods for the synthesis of AgNPs and the tech-
niques employed for the characterization of produced nanoparticles (Patel et al. 2015a, b)



40

M. Irfan et al.

Table 2.2 Investigations by several researchers on plant-based AgNP synthesis and characteris-

tics of formed nanoparticles

Plants AgNP specifications Plant parts | References
Citrus sinensis 10-35 nm Peel Kaviya et al. (2011)
Allium sativum Spherical, 7.3 nm Garlic Rastogi and
cloves Arunachalam (2011)
Allium cepa Spherical, 33.6 nm Leaves Saxena et al. (2010)
Capsicum annuum Spherical and crystalline, | Fruit Li et al. (2007)
10-70 nm
Daucus carota 31-52 nm Taproot Mukunthan and
spherical Balaji (2012)
Eucalyptus globulus 5-50 nm Bark Astalakshmi et al.
(2013)
Mangifera indica Triangular, hexagonal, and | Leaves Philip (2010)
nearly spherical, 20 nm
Ocimum sanctum 5-10 nm Root and Ahmad et al. (2010)
stem
Piper betle 17-120 nm Leaves Rani and
Rajasekharreddy
(2011)
Zingiber officinale 6-20 nm Rhizome Kumar et al. (2012)
Trachyspermum ammi and 60—-80 nm Seeds Vijayaraghavan et al.
Papaver somniferum (2012)
Rosa rugose 12 nm Leaves Dubey et al. (2010)
spherical
Svensoniahyderobadensis 24 nm Roots Rao and
Savithramma (2013)
Parthenium hysterophorus 20-70 nm Leaves Anwar et al. (2015)

harmful capping and reducing factors, high temperature, radiation, fungal/microbial
strains and expensive media for growth of microbes/fungi as well as for the produc-
tion of nanoparticles. During formation and implementation zones, they also mini-
mize the possibility of contamination or infection (Borase et al. 2014).

Many other researchers have also investigated the participation of several plant-
based metabolites like amines (Prasad et al. 2011), flavonoids, polyphenols, terpe-
noids (Marimuthu et al. 2011), aldehydes, ketones (Chandran et al. 2006), starch
(Vigneshwaran et al. 2006), arabinose and galactose (Kora et al. 2010), and sapo-
nins (Elavazhagan and Arunachalam 2011) in AgNP formation. Table 2.2 shows
utilization of various plant parts in the formation of silver nanomaterials.

2.8 Plant-Based Gold Nanoparticle

Gold-derived nanoparticles have several applications in various fields. Au(3+) ion is
reduced to the Au atom by binding of the atom to the cell surface, whereas further
reduced Au also combines and clumps to produce GNPs. Au ions have good chances
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Table 2.3 Plant-based synthesis of gold nanoparticles

Plants AuNP size Plant parts References

Citrus maxima 25.7710 nm Fruit Yu et al. (2016)

Ixora coccinea 5-10 nm Flower Nagaraj et al. (2011)
Coleus forskohlii 5-18 nm Root Naraginti et al. (2016)
Cassia fistula 55.2-98.4 nm Stem bark Daisy and Saipriya (2012)
Punica granatum 70 nm Fruit peel Ganeshkumar et al. (2013)
Argemone mexicana 22-26 nm Leaf Varun et al. (2015)
Hygrophila spinosa 50-80 nm Leaf Koperuncholan (2015)
Abelmoschus esculentus | 45-75 nm Seed Jayaseelan et al. (2013)
Morinda citrifolia 12.17-38.26 nm Root Suman et al. (2014)
Hibiscus sabdariffa 10-60 nm Leaf and stem Mishra et al. (2014)

at the starting phases to attach with the atom and produce clumps (Cai et al. 2011).
GNPs have applications in the field of medicine (Honary et al. 2012). The bio-based
synthesis of nanoparticles has specific morphology and determined shapes such as
hierarchical tubes, triangle, hexagonrods, decahedrons, icosahedrons, and nanotri-
angles as well as nodous ribbons. Different nanoparticles have different efficient
applications in various fields; thus researchers are now focusing on their shapes (Du
et al. 2007). GNPs are being produced by utilizing several plant parts, e.g., stem,
leaf, root, and fruit as showed in Table 2.3.

2.9 Plant-Based Zinc Oxide Nanoparticles

Zinc oxide (ZnO) nanoparticles are currently of greater interest due to their cer-
tain characteristics, e.g., their production is cheap, safe to use, and can be synthe-
sized easily (Elumalai et al. 2015). The reason of the attention of researchers
toward zinc oxide NPs is their vast applications in the sector of optics, electronics,
and biomedical systems (Azizi et al. 2014). ZnO nanoparticles show enormous
applications as anti-inflammatory (Ramesh et al. 2015) and wound-healing char-
acteristics (Nagajyothi et al. 2013). They have ultraviolet filtering characteristics
thus being used in cosmetics, e.g., sunscreen creams and lotions. They have also
vast applications in medicines such as anticancer, drug delivery, antifungal, anti-
bacterial, antidiabetic, and agricultural characteristics (Ramesh et al. 2015). They
have also been used in manufacturing rubber and paint, in applications in den-
tistry, and in eliminating arsenic and sulfur from water (Ali et al. 2016).
Anbuvannan et al. (2015) reported ZnO nanoparticles have several morphologies
like nanorods, nanowires, nanoflowers, nanoflakes, and nanobelts. Table 2.4
shows plant-based synthesis of ZnO NPs derived from different plant parts like
flowers, stem, leaves, and fruit peels.
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Table 2.4 Plant-based synthesis of ZnO nanoparticles

Plants Shape Plant parts References

Rosa canina Spherical Fruit extract Jafarirad et al. (2016)

Solanum nigrum Hexagonal and Leaf extract Ramesh et al. (2015)

quasispherical

Cocos nucifera Spherical and hexagonal Coconut Krupa and Vimala (2016)
water

Gossypium Spherical and nanorod Cellulosic Aladpoosh and Montazer
fiber (2015)

Calotropis Spherical Fresh leaves Vidya et al. (2013)

gigantea

Nephelium Spherical and hexagonal Fruit peels Yuvakkumar et al. (2015)

lappaceum

Coptidis rhizoma | Spherical and rod shaped | Dried Nagajyothi et al. (2014)
rhizome

Vitex negundo Hexagonal Flowers Ambika and Sundrarajan

(2015)

2.10 Biofuel Applications of Nanoparticles

Commercialization process of biofuels is limited due to hinders in their production
processes. Productions of high-energy yield and cost-effective biofuels are the main
challenges. Nanoparticles in this regard may play a significant role in forming this
process economically viable.

2.10.1 Role in Pretreatment

Most frequently found biopolymer is the lignocellulosic biomass rich in carbohy-
drate content. Two-thirds of the lignocellulosic biomass consists of cellulose and
hemicellulose and are among the cheapest sources for production of biofuel
(Srivastava et al. 2015a). Lignin barrier is removed prior to saccharification by pre-
treatments to expose cellulose and hemicellulose (Alvira et al. 2010). Biological
and chemical pretreatment methods are common among various pretreatment pro-
cedures for breakdown of lignocellulosic matter (Srivastava et al. 2015a). Although
pretreatment is considered as the expensive phase in the transformation of cellulose,
it has the ability to enhance the efficiency remarkably and lower the net cost of bio-
fuel production (Alvira et al. 2010; Srivastava et al. 2015a). Degrading enzymes,
e.g., cellulases and hemicellulases, are employed after the pretreatment to liberate
the fermentable sugars (Rawat et al. 2014). Thus many investigators are working on
pretreatment process to improve the bioconversion efficiency of lignocellulosic bio-
mass. Wei et al. (2015) observed that production of sugar from corn stover was
improved in the existence of iron oxide nanoparticle by employing the acid
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pretreatment. Furthermore, nanoparticle-acid pretreated substrate exhibited nearly
13-19% more xylose and glucose relative to control (acid-treated substrate without
nanoparticles). This study found that iron oxide nanoparticle can aid the pretreat-
ment process, as results exhibited improved sugar formation over the metallic iron
nanoparticles. The experiment was conducted at 100 °C which showed its economic
viability, and the reported data exhibited a positive link among the concentrations of
released sugar and iron during the biomass pretreatment. In another investigation
done by Yang et al. (2015), breakdown of cellulosic biomass was improved in the
existence of decreased graphene oxide functionalized with iron oxide nanoparticles.
The iron oxide reduced graphene oxide-SO;H (Fe;0,-RGO-SO;H); nanocomposite
was successfully produced employing the reduced graphene oxide (RGO), contain-
ing iron oxide nanoparticles and benzene sulfonic acid which were directly har-
bored on the surface of RGO through C-C covalent bonds. The distinctive structure
of Fe;0,-RGO-SO;H nanocomplex along with increased dispersion in water sus-
tains the reachability of cellulose to the active sites and enhances the production of
sugar which can further be employed for the biofuel production. Although these
investigations have explored a new zone for the production of biofuels employing
the nanoparticles, currently this avenue is at the very initial phase. So, many more
attempts to improve the economic sensibility are needed.

2.10.2 Role in Cellulase Production and Stability

After the pretreatment process, enzymatic hydrolysis is done by cellulases to
degrade lignocellulosic biomasses. For enhanced enzymatic hydrolysis, greatly
efficient cellulases are needed, which are capable of working in unrelenting con-
ditions. Furthermore uses of several cofactors, e.g., metal ions, are reported in the
many investigations other than various substitute methods to make enhanced cel-
lulase efficiency and its production in industries (Srivastava et al. 2014). To
increase the stability of enzyme application of nanoparticles is a new avenue in
the area of bioenergy production (Srivastava et al. 2014; Singh et al. 20164, b).
Few but encouraging and potential investigations have been outlined in this field
currently. The study by Dutta et al. (2014) noticed an enhanced production of cel-
lulase in the existence of hydroxyapatite nanoparticle employing the bacterial
strain. Highly thermostable enzyme was used in this research which kept its half-
life at 80 °C. Besides enhanced thermal stability, these authors also observed an
enhancement in reducing sugars when substrates, e.g., rice husk and rice straw,
were used. Similarly Srivastava et al. (2015a) reported an improved cellulase pro-
duction, its thermal strength, and sugar production in the existence of iron oxide/
alginate nanocomplex. A higher sugar yield was observed in this study by employ-
ing thermotolerant fungal sp. Aspergillus fumigatus AA0O1 in the solid-state fer-
mentation using the same nanocomplex. Furthermore, thermal stability of
cellulase enzyme was also improved besides its production in the existence of
uncovered iron oxide nanoparticle as relative to control. The production of
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cellulase was enhanced in the existence of pure iron oxide nanoparticle and iron
oxide/alginate nanocomposite by 35% and 40%, respectively, when compared to
control. In addition, iron oxide/alginate nanocomplex treated cellulase exhibited
its thermal stability at 70 °C for 8 h by maintaining its 56% of relative activity,
whereas crude cellulase could keep only 19%. These investigations distinctly
evince that the nanoparticles may play a significant part to change the whole pro-
cess of bioconversion. Srivastava et al. (2014) suggested that the major cause of
enhancement in the thermal stability of cellulase was cellulase immobilization on
to the nanoparticles. Besides, thermal stability and an improved cellulase produc-
tion have been noticed in the existence of nickel cobaltite nanoparticle by thermo-
tolerant Aspergillus fumigatus NS (class: Eurotiomycetes) through solid-state
fermentation. Furthermore, untreated cellulase showed thermal stability at 80 °C
for 7 h in the presence of NiCo,0, nanoparticles, whereas at the same tempera-
ture, untreated cellulase was stable up to 4 h. Moreover it was also observed that
production time was lessening in the existences of nanoparticles in above studies.
Therefore, in the near future, nanoparticles may prove their capability in biofuel
production process. Verma et al. (2013) reported improvement in the above stated
investigations; there are also many researches that have concluded improvements
in the hydrolysis efficiency of cellulases besides its better production and thermo-
stability in the presence of various kinds of nanomaterials, e.g., iron oxide, zinc
oxide nanoparticles, etc. Ansari and Husain (2012) immobilize cellulase on iron
oxide magnetic nanoparticles. They reported that the nanoparticles may act as a
carrier and provide resistance against the unfavorable pH and inhibitor besides
thermal stability. Verma et al. (2013) observed that the thermostability of the
enzyme [-glucosidase was enhanced in the occurrence of iron oxide magnetic
nanoparticles and showed the half-life of that enzyme at 70 °C. As nanoparticles
have explored a new path to enhance the production of cellulase and its thermal
stability, their exact mechanism is not well known. So, further studies are focus-
ing on this specific area for its industrial and economic viability.

2.10.3 Role in Saccharification

Saccharification or hydrolysis of lignocellulosic biomass is the next phase after pre-
treatment to liberate sugars using cellulase enzyme. Temperature 45-50 °C needed
for enzymatic hydrolysis makes the whole process slow, more vulnerable to con-
tamination by microbes, and usually incomplete, ending in decreased production of
fermentable sugars and demand greater enzyme quantity. Hence, it is suggested that
these bottlenecks can be overcome by employing the thermostable cellulase
enzymes and thermophilic microbes (Yeoman et al. 2010). Cellulase that can toler-
ate increased temperatures can also work at higher hydrolysis temperatures. The
presence of nanoparticles enhances the thermal stability of cellulase, and these ther-
mostable cellulases may perform significantly at higher degradation temperatures.
Some current investigations concluded the enhanced thermostability and degrading
efficacy at increased temperatures (Dutta et al. 2014; Srivastava et al. 2015a, b).
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Dutta et al. (2014) employed rice husk/rice straw as substrates, and improved ther-
mal stability of cellulase enzyme was observed resulting in enhanced production of
sugar in saccharification process. In this study calcium hydroxyapatite nanoparti-
cles were used, and substrates were treated at 80 °C to get reducing sugars. Srivastava
et al. (2015b) used iron oxide/alginate nanocomposite and found betterment in deg-
radation efficacy of cellulase enzyme and sugar yield at 70 °C. Under the solid-state
fermentation, greater sugar yield was reported at higher temperature employing
Aspergillus fumigatus AAOO1 in the occurrence of iron oxide/alginate nanocom-
plex. Though nanoparticles have greater capability to enhance the degrading effi-
cacy of cellulase enzyme, their mechanism is not very clear; so attention must be
paid in this aspect for industrial scale production.

2.11 Optional Metabolite Impact on Bio-decrease Response

A considerable portion of the optional metabolites and a few proteins have reason-
ably advanced the combination of NPs which are metallic in nature from the other
ionic mixes. The decreased response principally included plant biomolecules
(optional metabolites, e.g., sugars (polysaccharides), proteins, natural mixes,
shades, and plant tars. Plant normal items are engaged with the decrease response to
incorporate green nanoparticles. Plants are especially taking an interest in guard
components to create different substance mixes, for example, polyphenols, sapo-
nins, and cell reinforcement chemicals, like alkaloids. The proposed decrease
response illustrated the primary components for the biological synthesis of metallic
NPs. The plant removes various useful collections, for example, alkenyl, phenolic
and liquor, amine, and carboxylic group. It is for the most part indicated as plant
auxiliary metabolites and may be miniaturized scale and large-scale biomolecules
(Jha et al. 2009). These substances are completely taking an interest for the NP
generation. For example, R. hymenosepalus plant removes the advances of NP
unions with quick response energy. Consequently, the dissolvable concentrate of R.
hymenosepalus is rich in polyphenols, for example, stilbenes and catechins, atoms
that go about as diminishing and balancing out specialists for silver NPs creation
(Awwad et al. 2013).

2.12 Business Uses of Biosynthesized Nanoparticles

2.12.1 NPsin Waste Treatment NPs

Nanoproducts have various applications in everyday life. There are different eco-
logically accommodating products accessible in business showcase which are
highly efficient, for example, bone and teeth concrete and handcrafted items
(Kouvaris et al. 2012). For example, Au, Ag, and platinum NPs have wide applica-
tions in beauty products and they are utilized as fixings in different items, like, to
protect against the UV rays sun blockers, toothpastes, mouthwash, and fragrances
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and shampoos (Kumar and Yadav 2009). NPs of silica act in fixing business items.
The altered silica NPs are utilized as pesticide, and it is utilized in an assortment of
non-farming implementations.

2.12.2 Beautifiers

Metallic NPs are utilized as additive specialists in restorative enterprises. New ele-
ment of metallic nanoparticles is utilized for various business applications, for the
most part beauty care products, medical materials, and sustenance additives
(Songand and Kim 2009; Kokura et al. 2010). The metallic NPs like the platinum,
gold, and Ag are connected for some business items, for example, soap, detergent,
shampoo, and shoes.

2.12.3 NPsin Food Industry

Some metals like silver are quick warmth directing; therefore, nano-Ag is utilized
in different mechanical frameworks. It is predominantly utilized in warmth-inclined
instrumentation like in PCR cover (Weiss et al. 2006). In food businesses, suste-
nance items have very high microbial sullying because of different procedures, for
example, assembling and handling of crude materials. Consequently, requirement is
there to build up a savvy biological sensor to decide the nature of the items.

2.13 Component Blend of Metallic NPs

Difference highlighted in hydrogen particles is basically a reaction by variation in
size and states of NP arrangement. Shankar et al. (2003) revealed that the extracts
of Aloe vera provided Au-Ag center NPs in different sizes by changing the pH of the
medium which is dissolvable. So, biologically synthesis of NPs by hay plant con-
centrate have variable size.

2.14 Conclusion

Environmental hazards caused by chemical synthesis of nanoparticles have urged
synthesis of nanoparticles using plant means, as it includes eco-friendly methods
for the synthesizing nanoparticles. This chapter focused on the plant-based nanopar-
ticles and methods of their synthesis. Various plant parts, e.g., leaves, flowers, roots,
stems, fruit and its peels, etc., are being used for the green synthesis of nanoparticles
especially metallic nanoparticles. This chapter also overviews the applications of
these plant-based nanoparticles in different fields, e.g., medical, agriculture, food
industry, and cosmetic industry.



2 Applications of Plant-Based Natural Products to Synthesize Nanomaterial 47

References

Ahmad N, Sharma S, Alam MK et al (2010) A rapid synthesis of silver nanoparticles using dried
medicinal plant of basil. Colloids Surf B 81:81-86

Aladpoosh R, Montazer M (2015) The role of cellulosic chains of cotton in biosynthesis of
ZnOnanorods producing multifunctional properties: mechanism, characterizations and fea-
tures. Carbohydr Polym 126:122-129

Ali K, Dwivedi S, Azam A, Saquib Q, Al-Said MS, Alkhedhairy AA, Musarrat J (2016) Aloe vera
extract functionalized zinc oxide nanoparticles as nanoantibiotics against multi-drug resistant
clinical bacterial isolates. J Colloid Interface Sci 472:145-156

Alvira P, Tomds-Pejo E, Ballesteros M, Negro MJ (2010) Pretreatment technologies for an efficient
bioethanol production process based on enzymatic hydrolysis: a review. Bioresour Technol
101(13):4851-4861

Amarnath K, Kumar J, Reddy T, Mahesh V, Ayyappan SR, Nellore J (2012) Synthesis and char-
acterization of chitosan and grape polyphenols stabilized palladium nanoparticles and their
antibacterial activity. Colloids Surf B: Biointerfaces 92:254-261

Ambika S, Sundrarajan M (2015) Antibacterial behaviour of Vitex negundo extract assisted ZnO
nanoparticles against pathogenic bacteria. J] Photochem Photobiol B Biol 146:52-57

Anbuvannan M, Ramesh M, Viruthagiri G, Shanmugam N, Kannadasan N (2015) Synthesis, char-
acterization and photocatalytic activity of ZnO nanoparticles prepared by biological method.
Spectrochim Acta A Mol Biomol Spectrosc 143:304-308

Ansari SA, Husain Q (2012) Potential applications of enzymes immobilized on/in nanomaterials:
areview. Biotechnol Adv 30(3):512-523

Anwar MF, Yadav D, Kapoor S, Chander J, Samim M (2015) Comparison of antibacterial activity
of Ag nanoparticles synthesized from leaf extract of Parthenium hystrophorus L in aqueous
media and gentamicin sulphate: in-vitro. Drug Development and Industrial Pharmacy 41:43-50

Astalakshmi A, Nima P, Ganesan V (2013) A green approach in the synthesis of silver nanoparti-
cles using bark of Eucalyptus globulus, Labill. Int J Pharm Sci Rev Res 23:47-52

Awwad AM, Salem NM, Abdeen AO (2013) Green synthesis of silver nanoparticles using carob
leaf extract and its antibacterial activity. Int J Ind Chem 4(1):29

Azizi S, Ahmad MB, Namvar F, Mohamad R (2014) Green biosynthesis and characterization of
zinc oxide nanoparticles using brown marine macroalga Sargassum muticum aqueous extract.
Mater Lett 116:275-277

Berlo K, van Hinsberg VJ, Vigouroux N, Gagnon JE, Williams-Jones AE (2014) Sulfide break-
down controls metal signature in volcanic gas at Kawah Ijen volcano, Indonesia. Chem Geol
371:115-127

Borase HP, Salunke BK, Salunkhe RB, Patil CD, Hallsworth JE, Kim BS, Patil SV (2014) Plant
extract: a promising biomatrix for ecofriendly, controlled synthesis of silver nanoparticles.
Appl Biochem Biotechnol 173(1):1-29

Cai F Li J, Sun J, Ji Y (2011) Biosynthesis of gold nanoparticles by biosorption using
Magnetospirillum gryphiswaldense MSR-1. Chem Eng J 175:70-75

Chandran SP, Chaudhary M, Pasricha R, Ahmad A, Sastry M (2006) Synthesis of gold nanotri-
angles and silver nanoparticles using Aloe vera plant extract. Biotechnol Prog 22(2):577-583

Cho MH, Choi ES, Kim S, Goh SH, Choi Y (2017) Redox-responsive manganese dioxide nanopar-
ticles for enhanced MR imaging and radiotherapy of lung cancer. Front Chem 5:109

Ciftcioglu N, McKay DS, Mathew G, Kajander OE (2006) Nanobacteria: fact or fiction?
Characteristics, detection, and medical importance of novel self-replicating, calcifying
nanoparticles. J Investig Med 54(7):385-394

Daisy P, Saipriya K (2012) Biochemical analysis of Cassia fistula aqueous extract and phyto-
chemically synthesized gold nanoparticles as hypoglycemic treatment for diabetes mellitus. Int
J Nanomedicine 7:1189

Das RK, Gogoi N, Bora U (2011) Green synthesis of gold nanoparticles using Nyctanthes arbor-
tristis flower extract. Bioprocess Biosyst Eng 34(5):615-619



48 M. Irfan et al.

Du L, Jiang H, Liu X, Wang E (2007) Biosynthesis of gold nanoparticles assisted by Escherichia
coli DH5a and its application on direct electrochemistry of hemoglobin. Electrochem Commun
9(5):1165-1170

Dubey SP, Lahtinen M, Sillanpdd M (2010) Green synthesis and characterizations of silver and
gold nanoparticles using leaf extract of Rosa rugosa. Colloids Surf A Physicochem Eng Asp
364(1-3):34-41

Duhan JS, Kumar R, Kumar N, Kaur P, Nehra K, Duhan S (2017) Nanotechnology: the new per-
spective in precision agriculture. Biotechnol Rep 15:11-23

Dutta N, Mukhopadhyay A, Dasgupta AK, Chakrabarti K (2014) Improved production of reduc-
ing sugars from rice husk and rice straw using bacterial cellulase and xylanase activated with
hydroxyapatite nanoparticles. Bioresour Technol 153:269-277

Elavazhagan T, Arunachalam KD (2011) Memecylon edule leaf extract mediated green synthesis
of silver and gold nanoparticles. Int J Nanomedicine 6:1265

Elumalai K, Velmurugan S (2015) Green synthesis, characterization and antimicrobial activities
of zinc oxide nanoparticles from the leaf extract of Azadirachta indica (L.). Appl Surf Sci
345:329-336

Estevam EC, Witek K, Faulstich L, Nasim MJ, Latacz G, Dominguez—[\lvarez E et al (2015)
Aspects of a distinct cytotoxicity of selenium salts and organic selenides in living cells with
possible implications for drug design. Molecules 20(8):13894-13912

Estevam EC, Griffin S, Nasim MJ, Denezhkin P, Schneider R, Lilischkis R et al (2017) Natural
selenium particles from Staphylococcus carnosus: hazards or particles with particular promise?
J Hazard Mater 324:22-30

Ezoe Y, Lin CH, Noto M, Watanabe Y, Yoshimura K (2002) Evolution of water chemistry in natural
acidic environments in Yangmingshan, Taiwan. J Environ Monit 4(4):533-540

Ganeshkumar M, Sathishkumar M, Ponrasu T, Dinesh MG, Suguna L (2013) Spontaneous ultra-
fast synthesis of gold nanoparticles using Punica granatum for cancer targeted drug delivery.
Colloids Surf B: Biointerfaces 106:208-216

Gopinath V, MubarakAli D, Priyadarshini S, Priyadharsshini NM, Thajuddin N, Velusamy P
(2012) Biosynthesis of silver nanoparticles from Tribulus terrestris and its antimicrobial activ-
ity: a novel biological approach. Colloids Surf B: Biointerfaces 96:69-74

Griffin S, Tittikpina NK, Al-Marby A, Alkhayer R, Denezhkin P, Witek K et al (2016) Turning
waste into value: Nanosized natural plant materials of Solanum incanumL. and Pterocarpus
erinaceus Poir with promising antimicrobial activities. Pharmaceutics 8(2):11

Honary S, Gharaei-Fathabad E, Paji ZK, Eslamifar M (2012) A novel biological synthesis of gold
nanoparticle by Enterobacteriaceae family. Trop J Pharm Res 11(6):887-891

Tavicoli I, Leso V, Beezhold DH, Shvedova AA (2017) Nanotechnology in agriculture: opportuni-
ties, toxicological implications, and occupational risks. Toxicol Appl Pharmacol 329:96-111

Iravani S (2011) Green synthesis of metal nanoparticles using plants. Green Chem 13(10):2638-2650

Jacob C (2011) Redox signalling via the cellular thiolstat. Biochem Soc Trans 39:1247-1253

Jacob SJP, Finub JS, Narayanan A (2012) Synthesis of silver nanoparticles using Piper longum
leaf extracts and its cytotoxic activity against Hep-2 cell line. Colloids Surf B: Biointerfaces
91:212-214

Jafarirad S, Mehrabi M, Divband B, Kosari-Nasab M (2016) Biofabrication of zinc oxide nanopar-
ticles using fruit extract of Rosa canina and their toxic potential against bacteria: a mechanistic
approach. Mater Sci Eng C 59:296-302

Jayaseelan C, Ramkumar R, Rahuman AA, Perumal P (2013) Green synthesis of gold nanopar-
ticles using seed aqueous extract of Abelmoschus esculentus and its antifungal activity. Ind
Crop Prod 45:423-429

Jha AK, Prasad K, Kumar V, Prasad K (2009) Biosynthesis of silver nanoparticles utilizing Eclipta
leaf. Biotechnol Prog 25:1475-1477

Joerger R, Klaus T, Granqvist CG (2000) Biologically produced silver—carbon composite materials
for optically functional thin-film coatings. Adv Mater 12(6):407-409

Kajander EO, Ciftcioglu N, Miller-Hjelle MA, Hjelle JT (2001) Nanobacteria: controversial
pathogens in nephrolithiasis and polycystic kidney disease. Curr Opin Nephrol Hypertens
10(3):445-452



2 Applications of Plant-Based Natural Products to Synthesize Nanomaterial 49

Kaviya S, Santhanalakshmi J, Viswanathan B, Muthumary J, Srinivasan K (2011) Biosynthesis of
silver nanoparticles using Citrus sinensis peel extract and its antibacterial activity. Spectrochim
Acta A Mol Biomol Spectrosc 79(3):594-598

Keck CM, Miiller RH (2006) Drug nanocrystals of poorly soluble drugs produced by high pressure
homogenisation. Eur J Pharm Biopharm 62(1):3-16

Kettler K, Krystek P, Giannakou C, Hendriks AJ, de Jong WH (2016) Exploring the effect of silver
nanoparticle size and medium composition on uptake into pulmonary epithelial 16HBE140-
cells. J Nanopart Res 18(7):182

Kokura S, Handa O, Takagi T, Ishikawa T, Naito Y, Yoshikawa T (2010) Silver nanoparticles as a
safe preservative for use in cosmetics. Nanomed Nanotechnol Biol Med 6(4):570-574

Koperuncholan M (2015) Bioreduction of chloroauric acid (HAuCl4) for the synthesis of gold
nanoparticles (GNPs): a special empathies of pharmacological activity. Int J Phytopharm
5(4):72-80

Kora AJ, Sashidhar RB, Arunachalam J (2010) Gum kondagogu (Cochlospermum gossypium):
a template for the green synthesis and stabilization of silver nanoparticles with antibacterial
application. Carbohydr Polym 82(3):670-679

Kouvaris P, Delimitis A, Zaspalis V, Papadopoulos D, Tsipas SA, Michailidis N (2012) Green syn-
thesis and characterization of silver nanoparticles produced using Arbutus unedo leaf extract.
Mater Lett 76:18-20

Krupa AND, Vimala R (2016) Evaluation of tetraethoxysilane (TEOS) sol—gel coatings, modified
with green synthesized zinc oxide nanoparticles for combating microfouling. Mater Sci Eng
C 61:728-735

Kumar V, Yadav SK (2009) Plant-mediated synthesis of silver and gold nanoparticles and their
applications. J Chem Technol Biotechnol 84(2):151-157

Kumar KP, Paul W, Sharma CP (2012) Green synthesis of silver nanoparticles with Zingiber offi-
cinale extract and study of its blood compatibility. BioNanoScience 2(3):144-152

Kuppusamy P, Yusoff MM, Maniam GP, Govindan N (2016) Biosynthesis of metallic nanoparti-
cles using plant derivatives and their new avenues in pharmacological applications—An updated
report. Saudi Pharm J 24(4):473-484

Li S, ShenY, Xie A, Yu X, Qiu L, Zhang L, Zhang Q (2007) Green synthesis of silver nanoparticles
using Capsicum annuum L. extract. Green Chem 9(8):852-858

Li X, Xu H, Chen ZS, Chen G (2011) Biosynthesis of nanoparticles by microorganisms and their
applications. J Nanomater 2011:16

Manikova D, Letavayova LM, Vlasdkova D, Kosik P, Estevam EC, Nasim MJ et al (2014)
Intracellular diagnostics: hunting for the mode of action of redox-modulating selenium com-
pounds in selected model systems. Molecules 19(8):12258-12279

Marimuthu S, Rahuman AA, Rajakumar G, Santhoshkumar T, Kirthi AV, Jayaseelan C et al
(2011) Evaluation of green synthesized silver nanoparticles against parasites. Parasitol Res
108(6):1541-1549

Mauludin R, Miiller RH, Keck CM (2009) Development of an oral rutin nanocrystal formulation.
Int J Pharm 370(1-2):202-209

Mishra V, Mishra RK, Dikshit A, Pandey AC (2014) Interactions of nanoparticles with plants: an
emerging prospective in the agriculture industry. In: Emerging technologies and management
of crop stress tolerance. Academic, San Diego, pp 159-180

Mittal AK, Chisti Y, Banerjee UC (2013) Synthesis of metallic nanoparticles using plant extracts.
Biotechnol Adv 31(2):346-356

Moss DM, Siccardi M (2014) Optimizing nanomedicine pharmacokinetics using physiologically
based pharmacokinetics modelling. Br J Pharmacol 171(17):3963-3979

Mukherjee P, Ahmad A, Mandal D, Senapati S, Sainkar SR, Khan MI et al (2001) Bioreduction
of AuCl4— ions by the fungus, Verticillium sp. and surface trapping of the gold nanoparticles
formed. Angew Chem Int Ed 40(19):3585-3588

Mukunthan KS, Balaji S (2012) Silver nanoparticles shoot up from the root of Daucus carota (L.).
Int J Green Nanotechnol 4(1):54-61



50 M. Irfan et al.

Miiller RH, Keck CM (2008) Second generation of drug nanocrystals for delivery of poorly solu-
ble drugs: smart crystal technology: 134. Eur J Pharm Sci 34(1):S20-S21

Miiller RH, Keck CM (2012) Twenty years of drug nanocrystals: where are we, and where do we
20?.European. J Pharm Biopharm 80(1):1-3

Murr LE, Guerrero PA (2006) Carbon nanotubes in wood soot. Atmos Sci Lett 7(4):93-95

Nagajyothi PC, An TM, Sreekanth TVM, Lee JI, Lee DJ, Lee KD (2013) Green route biosynthesis:
characterization and catalytic activity of ZnO nanoparticles. Mater Lett 108:160—-163

Nagajyothi PC, Sreekanth TVM, Tettey CO, Jun YI, Mook SH (2014) Characterization, antibacte-
rial, antioxidant, and cytotoxic activities of ZnO nanoparticles using Coptidis Rhizoma. Bioorg
Med Chem Lett 24(17):4298-4303

Nagaraj B, Krishnamurthy NB, Liny P, Divya TK, Dinesh R (2011) Biosynthesis of gold nanopar-
ticles of Ixora coccinea flower extract & their antimicrobial activities. Int J Pharm Bio Sci
2(4):557-565

Naraginti S, Kumari PL, Das RK, Sivakumar A, Patil SH, Andhalkar VV (2016) Amelioration
of excision wounds by topical application of green synthesized, formulated silver and gold
nanoparticles in albino Wistar rats. Mater Sci Eng C 62:293-300

Narayanan KB, Sakthivel N (2011) Green synthesis of biogenic metal nanoparticles by terrestrial
and aquatic phototrophic and heterotrophic eukaryotes and biocompatible agents. Adv Colloid
Interf Sci 169(2):59-79

Noruzi M, Zare D, Khoshnevisan K, Davoodi D (2011) Rapid green synthesis of gold nanopar-
ticles using Rosa hybrida petal extract at room temperature. Spectrochim Acta A Mol Biomol
Spectrosc 79(5):1461-1465

Pasula RR, Lim S (2017) Engineering nanoparticle synthesis using microbial factories. Eng Biol
1(1):12-17

Patel P, Agarwal P, Kanawaria S, Kachhwaha S, Kothari SL (2015a) Plant-based synthesis of sil-
ver nanoparticles and their characterization. In: Nanotechnology and plant sciences. Springer,
Cham, pp 271-288

Patel V, Berthold D, Puranik P, Gantar M (2015b) Screening of cyanobacteria and microalgae
for their ability to synthesize silver nanoparticles with antibacterial activity. Biotechnol Rep
5:112-119

Pawlak J, Lodyga-Chruscinska E, Chrustowicz J (2014) Fate of platinum metals in the environ-
ment. J Trace Elem Med Biol 28(3):247-254

Philip D (2010) Green synthesis of gold and silver nanoparticles using Hibiscus rosa-sinensis.
Phys E 42(5):1417-1424

Prakash NT, Sharma N, Prakash R, Raina KK, Fellowes J, Pearce CI, Pattrick RA (2009) Aerobic
microbial manufacture of nanoscale selenium: exploiting nature’s bio-nanomineralization
potential. Biotechnol Lett 31(12):1857

Prasad KS, Pathak D, Patel A, Dalwadi P, Prasad R, Patel P, Selvaraj K (2011) Biogenic synthesis
of silver nanoparticles using Nicotianatobaccum leaf extract and study of their antibacterial
effect. Afr J Biotechnol 10(41):8122-8130

Ramesh V, Armash A (2015) Green synthesis of gold nanoparticles against pathogens and cancer
cells. Int J Pharm Res 5(10):250-256

Rani PU, Rajasekharreddy P (2011) Green synthesis of silver-protein (core—shell) nanoparticles
using Piper betle L. leaf extract and its ecotoxicological studies on Daphnia magna. Colloids
Surf A Physicochem Eng Asp 389(1-3):188-194

Rao ML, Savithramma N (2013) Biological synthesis and validation of silver nano particles from
roots of Svensonia hyderobadensis (Walp.) Mold- A rare medicinal plant taxon. Int J Adv Sci
Tech Res 5:524-541

Rastogi L, Arunachalam J (2011) Sunlight based irradiation strategy for rapid green synthesis of
highly stable silver nanoparticles using aqueous garlic (Allium sativum) extract and their anti-
bacterial potential. Mater Chem Phys 129(1-2):558-563

Rawat R, Srivastava N, Chadha BS, Oberoi HS (2014) Generating fermentable sugars from rice
straw using functionally active cellulolytic enzymes from Aspergillus niger HO. Energy Fuel
28(8):5067-5075



2 Applications of Plant-Based Natural Products to Synthesize Nanomaterial 51

Roy D, Goswami R, Pal A (2017) Nanomaterial and toxicity: what can proteomics tell us about the
nanotoxicology? Xenobiotica 47(7):632-643

Salata OV (2004) Applications of nanoparticles in biology and medicine. J] Nanobiotechnol 2(1):3

Sanghi R, Verma P, Puri S (2011) Enzymatic formation of gold nanoparticles using Phanerochaete
chrysosporium. Adv Chem Eng Sci 1(03):154

Saxena A, Tripathi RM, Singh RP (2010) Biological synthesis of silver nanoparticles by using
onion (Allium cepa) extract and their antibacterial activity. Dig J Nanomater Biostruct
5(2):427-432

Scholz P, Keck M, C. (2015) Nanocrystals: from raw material to the final formulated oral dosage
form-a review. Curr Pharm Des 21(29):4217-4228

Shameli K, Bin Ahmad M, Jaffar Al-Mulla EA, Ibrahim NA, Shabanzadeh P, Rustaiyan A et al
(2012) Green biosynthesis of silver nanoparticles using Callicarpa maingayi stem bark extrac-
tion. Molecules 17(7):8506-8517

Shankar SS, Ahmad A, Sastry M (2003) Geranium leaf assisted biosynthesis of silver nanopar-
ticles. Biotechnol Prog 19(6):1627-1631

Shors T (2011) Understanding viruses. Jones & Bartlett Publishers, Burlington

Singh BK, Walker A (2006) Microbial degradation of organophosphorus compounds. FEMS
Microbiol Rev 30(3):428-471

Singh S, Saikia JP, Buragohain AK (2013) A novel ‘green’ synthesis of colloidal silver nanopar-
ticles (SNP) using Dillenia indica fruit extract. Colloids Surf B: Biointerfaces 102:83-85

Singh P, Kim YJ, Zhang D, Yang DC (2016a) Biological synthesis of nanoparticles from plants and
microorganisms. Trends Biotechnol 34(7):588-599

Singh P, Singh R, Borthakur A, Srivastava P, Srivastava N, Tiwary D, Mishra PK (2016b) Effect of
nanoscale TiO 2-activated carbon composite on Solanum lycopersicum (L.) and Vignaradiata
(L.) seeds germination. Energy Ecol Environ 1(3):131-140

Skalickova S, Milosavljevic V, Cihalova K, Horky P, Richtera L, Adam V (2017) Selenium
nanoparticles as a nutritional supplement. Nutrition 33:83-90

Song S, Rao R, Yang H, Liu H, Zhang A (2010) Facile synthesis of Fe304/MWCNTs by spontane-
ous redox and their catalytic performance. Nanotechnology 21(18):185602

Songand JY, Kim BS (2009) Biological synthesis of metal nanoparticles. In: Biocatalysis and
agricultural biotechnology. CRC Press, Boca Raton, pp 399—-407

Srivastava N, Rawat R, Sharma R, Oberoi HS, Srivastava M, Singh J (2014) Effect of nickel-
cobaltite nanoparticles on production and thermostability of cellulases from newly isolated
thermotolerant Aspergillus fumigatus NS (Class: Eurotiomycetes). Appl Biochem Biotechnol
174(3):1092-1103

Srivastava N, Srivastava M, Mishra PK, Singh P, Ramteke PW (2015a) Application of cellulases in
biofuels industries: an overview. J Biofuels Bioenergy 1(1):55-63

Srivastava N, Singh J, Ramteke PW, Mishra PK, Srivastava M (2015b) Improved production of
reducing sugars from rice straw using crude cellulase activated with Fe304/Alginate nanocom-
posite. Bioresour Technol 183:262-266

Suman TY, Rajasree SR, Ramkumar R, Rajthilak C, Perumal P (2014) The green synthesis of gold
nanoparticles using an aqueous root extract of Morinda citrifolia L. Spectrochim Acta A Mol
Biomol Spectrosc 118:11-16

Thakkar KN, Mhatre SS, Parikh RY (2010) Biological synthesis of metallic nanoparticles.
Nanomed Nanotechnol Biol Med 6(2):257-262

Tripathy A, Raichur AM, Chandrasekaran N, Prathna TC, Mukherjee A (2010) Process variables in
biomimetic synthesis of silver nanoparticles by aqueous extract of Azadirachtaindica (Neem)
leaves. J Nanopart Res 12(1):237-246

Urbano P, Urbano F (2007) Nanobacteria: facts or fancies? PLoS Pathog 3(5):e55

Vanaja M, Rajeshkumar S, Paulkumar K, Gnanajobitha G, Malarkodi C, Annadurai G (2013)
Phytosynthesis and characterization of silver nanoparticles using stem extract of Coleus aro-
maticus. Int ] Mater Biomater Appl 3(1):1-4

Vankar PS, Bajpai D (2010) Preparation of gold nanoparticles from Mirabilis jalapa flowers.
Indian J Biochem Biophys 47(3):157-160



52 M. Irfan et al.

Varun S, Sellappa S, RafigKhan M, Vijayakumar S (2015) Green synthesis of gold nanoparticles
using Argemonemexicana L. Leaf extract and its characterization. Int J Pharm Sci Rev Res
32:42-44

Verma ML, Chaudhary R, Tsuzuki T, Barrow CJ, Puri M (2013) Immobilization of p-glucosidase
on a magnetic nanoparticle improves thermostability: application in cellobiose hydrolysis.
Bioresour Technol 135:2-6

Vidya C, Hiremath S, Chandraprabha MN, Antonyraj ML, Gopal IV, Jain A, Bansal K (2013) Green
synthesis of ZnO nanoparticles by Calotropis gigantea. Int J Curr Eng Technol 1:118-120

Vigneshwaran N, Nachane RP, Balasubramanya RH, Varadarajan PV (2006) A novel one-
pot ‘green’ synthesis of stable silver nanoparticles using soluble starch. Carbohydr Res
341(12):2012-2018

Vijayakumar M, Priya K, Nancy FT, Noorlidah A, Ahmed ABA (2013) Biosynthesis, characterisa-
tion and anti-bacterial effect of plant-mediated silver nanoparticles using Artemisia nilagirica.
Ind Crop Prod 41:235-240

Vijayaraghavan K, Nalini SK, Prakash NU, Madhankumar D (2012) One step green synthesis of
silver nano/microparticles using extracts of Trachyspermum ammi and Papaver somniferum.
Colloids Surf B: Biointerfaces 94:114-117

Vincent BB, Loeve S (2014) Metaphors in nanomedicine: the case of targeted drug delivery.
NanoEthics 8(1):1-17

Wang T, Yang L, Zhang B, Liu J (2010) Extracellular biosynthesis and transformation of selenium
nanoparticles and application in H,O,biosensor. Colloids Surf B: Biointerfaces 80(1):94-102

WeiY, Li X, Yu L, Zou D, Yuan H (2015) Mesophilic anaerobic co-digestion of cattle manure and
corn Stover with biological and chemical pretreatment. Bioresour Technol 198:431-436

Weiss J, Takhistov P, McClements DJ (2006) Functional materials in food nanotechnology. J Food
Sci 71(9):R107-R116

Wu CY, Martel J, Wong TY, Young D, Liu CC, Lin CW, Young JD (2016) Formation and charac-
teristics of biomimetic mineralo-organic particles in natural surface water. Sci Rep 6:28817

Yadav KK, Singh JK, Gupta N, Kumar V (2017) A review of nanobioremediation technologies for
environmental cleanup: a novel biological approach. J Mater Environ Sci 8:740-757

Yang Z, Huang R, Qi W, Tong L, Su R, He Z (2015) Hydrolysis of cellulose by sulfonated mag-
netic reduced graphene oxide. Chem Eng J 280:90-98

Yazdi MH, Mahdavi M, Varastehmoradi B, Faramarzi MA, Shahverdi AR (2012) The immunos-
timulatory effect of biogenic selenium nanoparticles on the 4T1 breast cancer model: an in vivo
study. Biol Trace Elem Res 149(1):22-28

Yeoman CJ, Han Y, Dodd D, Schroeder CM, Mackie RI, Cann IK (2010) Thermostable enzymes
as biocatalysts in the biofuel industry. In: Advances in applied microbiology, vol 70. Academic,
Cambridge, MA, pp 1-55

Yu J, Xu D, Guan HN, Wang C, Huang LK (2016) Facile one-step green synthesis of gold nanopar-
ticles using Citrus maxima aqueous extracts and its catalytic activity. Mater Lett 166:110-112

Yuvakkumar R, Suresh J, Saravanakumar B, Nathanael AJ, Hong SI, Rajendran V (2015)
Rambutan peels promoted biomimetic synthesis of bioinspired zinc oxide nanochains for bio-
medical applications. Spectrochim Acta A Mol Biomol Spectrosc 137:250-258

Zhang L, Li D, Gao P (2012) Expulsion of selenium/protein nanoparticles through vesicle-like
structures by Saccharomyces cerevisiae under microaerophilic environment. World J Microbiol
Biotechnol 28(12):3381-3386

Zimmermann S, Sures B (2004) Significance of platinum group metals emitted from automobile
exhaust gas converters for the biosphere. Environ Sci Pollut Res 11(3):194



	2: Applications of Plant-Based Natural Products to Synthesize Nanomaterial
	2.1	 Introduction
	2.2	 Inorganic Nanoparticles Derived from Natural Sources
	2.3	 Biological Synthesis of Nanomaterials
	2.4	 Processing Natural Materials
	2.5	 Plant-Based Synthesis of Metallic NPs and Their Applications
	2.5.1	 Traditional Strategies of Metals
	2.5.2	 Distinctive Strategies for Union Metallic Nanoparticle
	2.5.3	 Bio-based Reduction Strategies

	2.6	 Parts of Plants Used to Synthesize Nanomaterials
	2.6.1	 Flowers
	2.6.2	 Stem
	2.6.3	 Seeds
	2.6.4	 Fruits
	2.6.5	 Leaves

	2.7	 Plant-Derived Formation of Silver Nanoparticles
	2.8	 Plant-Based Gold Nanoparticle
	2.9	 Plant-Based Zinc Oxide Nanoparticles
	2.10	 Biofuel Applications of Nanoparticles
	2.10.1	 Role in Pretreatment
	2.10.2	 Role in Cellulase Production and Stability
	2.10.3	 Role in Saccharification

	2.11	 Optional Metabolite Impact on Bio-decrease Response
	2.12	 Business Uses of Biosynthesized Nanoparticles
	2.12.1	  NPs in Waste Treatment NPs
	2.12.2	 Beautifiers
	2.12.3	 NPs in Food Industry

	2.13	 Component Blend of Metallic NPs
	2.14	 Conclusion
	References




